Introduction
Tomato is an important member of family Solanaceae. For a systematic breeding program, it is essential to identify the parents as well as crosses to bring the genetic improvement in economic character (Kaushik and Dhaliwal, 2018) . The magnitude of heterosis depends on the genetic diversity existing between the parents. In a crop like a tomato, where there are evidences for polygenic action determining the yield, and the yield components the choice of parents must be based on refined biometrical techniques .
The value of genotypes depends on the ability to produce superior hybrids in combination with other genotypes (Kaushik, 2015) . In tomato to exploit the available variability Correlation and path analysis was carried out in 60 tomato genotypes using growth, earliness, quality and yield characters. Very high (>40%) genotypic coefficient of variation (GCV) and phenotypic coefficient variation (PCV) were observed for fruit volume, average fruit weight and yield plant-1. It indicates existence of broad genetic base, which would be amenable for further selection. Very high heritability (>90%) coupled with very high genetic advance as per cent over mean (>40%) was recorded for the characters viz., polar diameter, fruit volume, average fruit weight, number of fruits plant-1, yield plot-1.Yield per plant was positively and significantly associated with average fruit weight, fruit volume, equatorial diameter, pericarp thickness, polar diameter and number of locules. Yield per plant was negatively and significantly associated with number of branches at 90 DAT, number of branches at 60 DAT, plant height at 90 DAT and plant spread from north to south at 60 DAT. Path analysis revealed that number of fruits per plant followed by plant spread from north to south at 60 DAT, plant spread from east to west at 60 DAT, average fruit weight and fruit volume. Hence, direct selection for these traits is suggested for yield improvement. through the breeding program, the genetic study regarding the yield and quality trait is essential.
The yield in tomato is due to the interaction between many of the correlated characters. Selection of these characters is very important when based on the component characters which will be highly heritable and also positively correlated (Kaushik et al., 2015) . The correlation coefficient method of analysis helps to identify the mutual relationship between several characters and it also helps to identify the component traits on which selection can be relied. Correlation studies provides information on all characters which are associated with yield.
Ahybrid possessing higher yield, better quality will be an important contribution to farmers. An ideal chilli hybrid should be vigorous, have good branching habit, early flowering, prolonged production of flowers, high fruit weight, good plant height and high yield potential (Kaushik, 2019a and Kaushik, 2019b) . It may be difficult to develop a hybrid having all these characters, but it is reasonable to develop one which can have maximum number of desirable characters keeping yield as a primary motto.
Materials and Methods
Sixty genotypes collected from different sources were evaluated during 2014-15 in the Department of Vegetable Science, Kittur Rani Channamma, College of Horticulture, Arabhavi. Arabhavi is situated in Northern dry zone of Karnataka State at 16o 12' North latitude, 74o 54' East longitude and an altitude of 640 meters above the mean sea level. Arabhavi, which comes under the Zone-3 of Region-2 among the agro-climatic zones of Karnataka, has benefits of both the southwest and north-east monsoons. Genotypes used in this experiment with their sources of collection are listed in Table 1 . The crop was grown in a randomized block design with two replications at spacing of 90 x 60 cm. Five randomly chosen plants in each replication of each genotype were labelled and used for recording the observations. Genotypic correlation coefficients were worked out among different traits using per se values (n=120). Correlations and path analysis carried out according to procedure given by Dewey and Lu (1959) respectively.
Estimation of genetic variability parameters

Genotypic and phenotypic coefficient of variation
Genotypic and phenotypic coefficients of variance were estimated according to Burton and Devane (1953) based on estimate of genotypic and phenotypic variance.
Genotypic co-efficient of variation (GCV)
g GCV (%) = ---------x 100 X
Phenotypic co-efficient of variation (PCV)
p PCV (%) = ------------x 100 X Where, X = General mean g = Genotypic standard deviation p = Phenotypic standard deviation GCV and PCV were classified as suggested by Burton and Devane (1953) 0-10% : Low 10-20%
: Moderate 20% and above: High
Heritability (h 2 )
The broad sense heritability (h 2 bs) was estimated by following the procedure suggested by Webber and Moorthy (1952) as indicated here below.
Where, h 2 (%) = Heritability (Broad sense)  2 g = Genotypic variance  2 p = Phenotypic variance
Expected genetic advance
Genetic advance for each character was predicted by the formula given by Johnson et al., (1955) .
Where, k = selection differential (2.06) at 5 per cent selection intensity h 2 = Heritability in broad sense  p = Phenotypic standard deviation
Genetic advance over per cent of mean (GAM)
Genetic advance as percentage over mean was worked out as suggested by Johnson et al., (1955) .
Genetic advance over mean (GAM) = 100 x X GA Where, GA = Genetic advance X = General mean
The genetic advance as per cent of mean was categorized as suggested by Johnson et al., (1955) and the same is given below.
0-10%
: Low 11-20%
: Moderate 21% and above: High
Correlation analysis
The correlation co-efficient among all possible character combinations at phenotypic (rp) and genotypic (rg) level were estimated employing formula (Al-Jibouriet al., 1958) . The test of significance for association between characters was done by comparing table 'r' values at n-2 error degrees of freedom for phenotypic and genotypic correlations with estimated values, respectively.
Path co-efficient analysis
Path co-efficient analysis suggested by Wright (1921) and Dewey and Lu (1959) was carried out to know the direct and indirect effect of the morphological traits on plant yield. The following set of simultaneous equations were formed and solved for estimating various direct and indirect effects. r 1y = a + r 12 b + r 13 c + …………. + r 1li r 2y = a + r 21 a + b + r 23 c + ……… + r 2li r 3y = r 31 a + r 32 b + c + ……….......... + r 3li r 1y = r 11 a + r 12 b + r 13 c + …….......... + I Where, r 1y to 1 1y = Co-efficient of correlation between causal factors 1 to I with dependent characters y. r 12 to r 11 = Co-efficient of correlation among causal factors a, b, c.….i =Direct effects of characters 'a' to 'I' on the dependent character 'y'
Residual effect (R) was computed as follows.
Residual effect (R) = 1 -a 2 + b 2 + c 2 + ………i 2 + 2abr 12 + 2acr 13 + ….
Results and Discussion
Very high (> 40%) genotypic coefficient of variation (GCV) and phenotypic coefficient variation (PCV) were observed for fruit volume, average fruit weight and yield per plant. It indicates existence of broad genetic base, which would be amenable for further selection.
Fruit yield per plant exhibited high positive significant correlation with polar diameter, equatorial diameter, pericarp thickness, number of locules, average fruit weight and fruit volume at both genotypic and phenotypic level. The positive association of these suggests that selection of these traits would result in increased yield. Whereas, Fruit yield per plant exhibited high negative significant correlation with plant height at 60 and 90 DAT, number of branches at 60 and 90 DAT and plant spread from north to south at 60 and 90 DAT. Increased vegetative growth increases the number of fruits per plant but reduced individual fruit size because of increased competition among fruits for photosynthates which ultimately reduced the fruit yield per plant and fruit yield per plant.
Positive association of yield per plant with average fruit weight, polar diameter and equatorial diameter are in confirmation with findings of Singh(2007) and Prashanth et al., (2008) . Positive association of yield per plant with number of locules as also reported by Mahapatra et al., (2013) and pericarp thickness is in accordance with earlier reports of Kumari and Sharma (2013) and Mahapatra et al., (2013) . Positive association of yield per plant with fruit volume (Prashanth et al.,2008) .Equatorial diameter was positively and significantly associated with polar diameter of the fruit (Singh et al., 2008) . Pericarp thickness was negatively and significantly associated with plant height at 60 DAT and number of branches at 90 DAT (Fageria and Kohli (1996) and Prashanth et al., (2008) indicating inverse relationship between pericarp thickness and vegetative parameters.
Polar diameter was negatively and significantly associated with plant height 60 DAT (Krishnaprasad and Mathurarai, 1999 and Prashanth et al., 2008) , number of branches 90 DAT (Prashanth et al., 2008) . Number of locules positively and significantly associated with equatorial diameter (Singh et al., 1974) . It was also positively and significantly associated with plant spread from east to west at 60 DAT.
Average fruit weight was inversely associated with plant height at 60 DAT (Fageria and Kohli, 1996) , number of branches at 90 DAT (Reddy and Gulshanlal, 1987) , plant spread from east to west 90 DAT, plant spread from north to south at 90 DAT and plant canopy at 90 DAT. This is attributed to its (average fruit weight) inverse relation with number of fruits, where more competition for photosynthates resulted into reduced fruit size. Fruit volume was positively and significantly associated with polar diameter, equatorial diameter, pericarp thickness and number of locules per fruit since all these traits increase the fruit size which in turn increases the fruit volume. But fruit volume was inversely correlated with plant height, number of branches and plant canopy due to increased vegetative growth resulting in decreased fruit size which ultimately reduces fruit volume (Prashanth et al., 2008) .
Number of fruits per plant was negatively and significantly associated with polar and equatorial diameter of the fruit, fruit volume and average fruit weight, pericarp thickness, days to first flowering and days to 50 per cent flowering (Sharma et al., 2010) indicates inverse relationship.
Number of seeds per fruit was positively but non significantly associated with plant height at 60 and 90 DAT, number of locules per fruit (Prashanth et al., 2008) , days to first flowering and days to 50 per cent flowering. Negative and significant association of plant height and number of branches per plant with polar diameter of the fruit, equatorial diameter of the fruit and average fruit weight could be justified by low mean yield of indeterminate genotypes due to high number of fruits/plant although they possessed smaller fruits and more number of branches/plant. This substained that determinate types were high yielder because of higher average fruit weight they furnished. The correlation coefficient between plant canopy with plant height, number of branches, plant spread from east to west and plant spread from north to south were positively significant at both phenotypic and genotypic level suggesting the interdependence of these traits on each other (Manivannan et al., 2005) .
In the present study, path coefficient analysis between the components of yield per plot in tomato was worked out. As the genotypic associations are inherent, the path analysis is discussed only at genotypic level.
In the present investigation, among 21 characters chosen for path analysis number of fruits per plant, average fruit weight, fruit volume, pericarp thickness, equatorial diameter, plant height at 90 DAT, plant spread from north to south at 60 DAT, plant spread from east to west at 60 DAT and days to first flowering had high positive direct effects and positive correlation with total yield. This indicates the true positive association of these traits with total yield. Therefore, direct selection for these traits would reward for improvement of yield.
Number of fruits per plant and average fruit weight had high positive direct effects on total yield (Kumari and Sharma, 2013 and Mahapatra et al., 2013) . Number of primary branches per plant and equatorial diameter of the fruit also had high positive direct effects on total yield Singh, 2008 and Mahapatra et al., 2013) . Plant height (Singh and Singh, 2008) and days to first flowering (Kumari and Sharma, 2013 ) also had high positive direct effect on total yield. Number of seeds per fruit (Sengupta et al., 2009) , yield per plant, polar diameter (Mahapatra et al., 2013) , plant canopy at 90 DAT, plant spread from north to south at 60 DAT, number of branches 90 DAT, plant canopy at 60 DAT, plant height at 90 DAT and days to 50 per cent flowering (Sharma et al., 2010) . had negative direct effects on total yield. Plant canopy had high negative direct effects as well as negative association with fruit yield indicating that, this character were highly influenced by the environmental factors (Manivannan et al., 2005) .Number of branches at 90 DAT was negatively and significantly correlated (r g = -0.454) with total yield and it had negative and high direct effects (-0.300) on total yield, but it had high indirect and negative effects through average fruit weight (-0.699), plant canopy at 60 DAT (-1.550) and plant height at 60 DAT (-0.544) and high indirect and positive effects through number of fruits per plant (0.637), Plant height 90 DAT (0.430), Plant spread from north to south 60 DAT (1.041) and Plant spread from east to west 60 DAT (0.580). Under these circumstances, the indirect causal factors also need to be considered simultaneously for selection (Kaushik 2019c) . (Singh and Kolkar, 1977) can be followed to nullify the undesirable indirect effects through average fruit weight, plant canopy at 60 DAT and plant height at 60 DAT in order to make use of direct effects of plant height at 90 DAT on total yield. Polar (r g = 0.429) and equatorial (r g = 0.594) diameter of the fruit were positively and significantly correlated with yield, and these characters had moderate (+) and negligible (-) direct effects on total yield respectively, but both of these traits had high indirect and positive effects through average fruit weight (Prashant et al., 2008) , plant canopy at 60 DAT and plant height at 60 DAT. Hence, the indirect causal factors also need to be considered for selection.
Fruit volume, number of fruits per plant, average fruit weight, yield per plot and yield per plant can be improved through direct selection from the existing germplasm, as there is high degree of additive components of variance and high to very high GCV and PCV for these traits.
Yield per plot was positively and significantly associated with yield per plant, polar diameter of the fruit, equatorial diameter of the fruit, number of locules per fruit, pericarp thickness, fruit volume and average fruit weight. Since, these association characters are in desirable direction, selection for these traits may improve the yield per plot. Whereas, yield per plot was negatively and significantly associated with plant height at 60 DAT, plant height at 90 DAT, number of branches at 60 DAT, number of branches at 90 DAT, plant spread from north to south 60 DAT and plant spread from north to south at 90 DAT. It was also negatively and significantly associated with plant spread from east to west at 60 DAT at phenotypic level only.
Correlation study revealed that, yield can be improved by selecting genotypes having more polar and equatorial diameter, number of locules per fruit, pericarp thickness, fruit volume and average fruit weight.
Highest positive direct effects on total yield per plant was shown by number of fruits per plant followed by average fruit weight, fruit volume, pericarp thickness, equatorial diameter, plant height at 90 DAT, plant spread from north to south at 60 DAT, plant spread from east to west at 60 DAT and days to first flowering.
Highest negative direct effects on total yield was shown by plant canopy at 60 DAT followed by plant height at 90 DAT, days to 50 per cent flowering, number of seeds per fruit, polar diameter and plant canopy at 90 DAT had negative direct effects on total yield. Characters having high positive direct effects along with positive significant correlation with yield per plant can be directly selected, and simultaneously the characters which show high positive indirect effects can also be selected for the improvement of yield.
